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The present Invention Is directed towards a multilayer golf ball which comprises a core, a cover layer and at 
least one Intermediate layer disposed between the core and cover» wherein the Intermediate. layer 
comprises an ethylene methacfylic/acryUc acid copolymer and optionally, a second thenmoplastic 
component such as potyetherester block copotymer, polyestarestar block copolymer, polyetheramide block 
copolymer, dynamically vulcanized thennopiastic elastomer, functlonaltzed styrene-butadiene elastomer, 
thermoplastic polyurethane. thermoplastk: polyesters, metaflocene polymer or blends thereof and a filler 
such as zinc oxide, titanium dbxide or blends thereof. Fuither, in a preferred embodiment, the core has a 
compresskxi less than 60. the finished ball has a cor (@ 125 ft/sec) of about 0.795 to about 0.815, the 
intermediate layer has a specific gravity of greater than about 1.2 and ttie cover has a Shore D hardness of 
about 60 to about 72. 
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MULTILAYER GOLF BALL AND COMPOSITION 

The EPO does not accept any resporslblllty for the accuracy of data and Information orfgtnating from other auttioritias 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or iHt for specific purposes. 
Descriplran not avai!at>le for JP 2001 92B1 03 (T) 
Description of corresponding document: WO 9932197 (A1) 
MULTILAYER GOLF BALL AND COMPOSJTION 

This appik^atlon is a continuation-in-part of Co- pending U.S. patent application Serial Nos. OB/482.522. 08/603,057. 
oa/606,373. 08/706.008 and 08/746,362 filed June 7. 1995, February 16. 1996. February 23, 1996, August 30, 1996 
and November 6. 1996, respectivety, the disclosures of which are hereby incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

This invention relates generally to golf balls, and more specifically, to a multilayer golf balL In particurar, this Invention 
relates to a golf ball having a coie. a cover and at least one intemnediate layer disposed between the core and cover, 
wherein the intenmediate layer Is formed from a blend comprfslng an ethylene methacrylic/acrylic acid copolymer. The 

. . multilayer .gQithaIls.of.thB prej&ent.lnyentlocLbavjeLbeeiiidund.tQ provide the.di8taQcaandjdurabil]ty.characteffSstics .. 

approaching that of a conventional two piece ball while also providing the feel and 'dick" similar to that of a 
conventional wourxj golf ball. 

BACKGROUND OF THE INVENTION 

Conventional golf baDs can be divided into two general types or. groups: two piece balls or three piece balls, the latter 
including vwund balls. The difference In play characteristics resulting from these different types of constaictlons can be 

quite significant. 

Balls having a two piece construction are generally most popular wflh the average recreafa'onal golfer because they 
provide a very durable ball while also provWing maximum distance. Two piece balls are made with a single solid core, 
usually formed of a crosslinked rubber, which is encased by a cover material. Typically the solid core is formed of 
pdybutadlene which Is chemically crossllnKed with zinc diacrylate and/or similar crosstinking agents and is covered by 
a tough, cut-proof blended cover. The cover Is generally fomied of a material such as SURLYN. which is a trademark 
for an ionomer resin produced by DuPonL The combination of the core and cover materials provide a Tiard" baD that is 
virtually indestructible by golfers. Further, such a combination imparts a high Initial velocity to the ball which results In 
Improved distance. Because the materials of which the ball Is fomied are very rigid, two piece balls have a hard *reer 
when struck with a dub. 

Likewise, due to their hardness, these balls have a relatively low spin rate which provides greater distance. 

At the present time, the wound ball remains the preferred ball of the more advanced players due to its spin and feel 
characteristics. Wound balls typk;ally have either a soDd rubber or liquid center core around which many yards of a 
stretched elastic thread or yam are wound. The wound core is then covered with a durable cover material such as a 
SURLYNe or similar material or a softer cover such as Bafata or pdyurettiane. Wound balls are generally softer and 
provide more spin than non-would balls, whfch enables a skilled golfer to have more control over the ball's flight and 
final position. Particulariy, with approach shots into the green, the high spin rate of soft wound balls enables the golfer 
to stop the ball very near its landing position. 

Manufacturers place a great deal of emphasis on producing golf balls that consistently achieve the highest possible 
initial velocity without exceeding the United Slates 

Golf Association's (USGA) limit of 77.7 m/s (255 ft/s) when stmck with a driver with a clubhead speed of 39.6 m/s <130 
ft/s). In an effort to meet the demands of the marketplace, manufacturers strive to produce golf balls having initial 
velocities as dose as possible to the USGA initial vek>ctty maximum, and yet maintain an acceptable feel and 
compression. 

A number of patents have been issued which are directed towards modifying the properties of a conventional two piece 
ball by altering the typical single layer core and single cover layer constructton to provWe a multHayer ball having such 
as a dual cover layer, dual core layer and/or a ball having a mantle layer disposed between the cover and the core. The 
Inventions disclosed In the prior art patents are directed towards improving a variety such golf balte* physical oroDerties 
and "In-play* characteristics. ' *^ 

Several patents are directed towards improving the cany distance of such balls. For example, U.S. Patent No. 

4.883.167 relates to a three piece solid goff ball having increased flight distance, wherein the ball has a center portion 
and an outer layer formed from a mbber composition, wherein the outer layer is harder than the center portion and 
further contains a gravity filler so as to Impart a hlghar specific gravity to the outer layer than that of the center portion 
U.S. Patent No. 5.1 84,828 relates to a solkt threepiece golf ball having improved rebound charactaristfcs and carry 
distance while maintaining an adequate spin rate, wherein these characteristics are obtained by controlling the sKze of 
the polybutadiene inner core and outer layer as well as their specific gravity and hartnass. According to the "828 patent 
the key lo obtaining the desired rebound characleristtes is Ihat the maximum hardness (42-62 Shore D) must be located 
at me interface batwaen the core and the mantle and the hardness must then decrease both inwardly and outwardly 
U.S. Patent No. 4.714,253 is also directed towards a three-piece golf ball having an excellent rebound coefnclenl This 
golf bail has a core with a Shore C hartness off 57-80 In its center, but not more Uian 83 at a distance between 5^1 0mm 
from Its center and an outer layer with a Shore G hardness of 70-83. 

Additionally, there are a number of patents directed towards improving the spin, dick and feel of solkl balls while 
maintaining the distance provided by the solid construction. For example. U.S. Patent No. 5.072.944 discloses a three- 
piece solid golf ball having a center layer and an outer layer which are prepared from a rubber compositkxi wherein it Is 
desirable that the center core layer is softer than the outer layer, the layers having a hardness (Shore C) of 25-50 and 
70-90. respectively. 

U.S. Patent No. 4.625,964 relates to e solkJ golf ball having a polybutadiene rubber core of a diameter not more than 
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32mni. a poiybutadlene rubber intermediate layer having a specific gravl^ of lower than that of the core material, and a 
cover. U.S. Patent No. 4.650,193 is directed towards a solid golf ball having a core comprising a central portion and an 
integral outer layer, wherein the core Is a curable elastomer such as poiybutadlene which is treated with a cure altering 
agent to soften an outer layer of tTie core, to produce a central layer with a hardness (Shore C) of greater lhan 75 and 
an outer layer with a hardness (Shore A) of less than 80. 

U.S. Patent No. 4,848.770 discloses a non-wound three-piece golf ball which includes a core of a highly fiOad synthetic 
rubber or polymeric material, an intermediate mantle of an unfilled synthetic rubber and a cover. The core and 
Intennedlate mantle have a hardness of betwieen 50-9)5 Shore D. .U.S. Patent No. 5.002.281 Is directed towards a three 
•piece solid golf ball which has an Inner core having a hardness of 25-70 (Shore C). an outer shell having a hardness of 
60-95 (Shore C) and a cover, further, the specific gravity of the inner core must be greater than 1.0, but less than or 
equal to that of the outer shell, which must be less than 1.3. 

The prior art discloses a variety of materials other than polybutadiene for use as intemiediate layers. For example. U.S. 
Patent No. 5.253.671 concerns a golf ball having a three piece structure comprising an etastomer core, an intermediate 
layer of a thermoplastic material containing at least 10% of ether bloclc copolymer, preferably blended with an ionomer. 
and a thermoplastic cover. U.S. Patent No. 

5,681,898 is'direcfed'to a mutti^^^ an ionbmBr cover ancTaii** 

intennediate layer fomned from a blend of an ethylene methacryllc acid copolymer and a vulcanlzate formed from 
poiybutadlene and a peroxide curing agent. U.S. Patent Nos. 

5.439,227 and 5.556,098 both disclose multilayer golf balls which have a conventional polybutadiene core, conventional 
covers and an Intermediate layer fbnned from a polyetheresler block copolymer filled with zinc oadde and optionally 
blended with an ionomer. 

Further, there are also several patents which are directed to golf balls having multiple cover layers. For example U,$. 
Patent No. 4,431.193 relates to a golf ball having a multitayer cover wherein the inner layer Is a hard, high flexural 
modulus ionomer resin and the outer layer Is a soft low flexural modulus ionomer resln« and wherein either or both 

layers may comprise a foamed ionomer resin. U.S. 

Patent No. 5.314,187 also relates to golf baDs having a multiple layer cover, wherein the outer layer is molded over the 
inner layer and comprtses a blend of batata and an elastomer and the inner layer is an ionomer resin. U.S. 

Patent No. 4,919.434 is directed towards a golf ball having a cover which comprises an inner layer and an outer layer 
each of which comprise a thennoplastic resin, preferably the layers comprise of materials thai are capable of fusion 
bonding with each other. 

However, none of the patents discussed above disciose a multi layer ball which employs the materials and has the 
improved physical properties as disclosed herein. 

SUMMARY OF THE INVEhmON 

ThB present invention is directed towards an improved mutti layer golf ball vrtiich comprises a core, a cover layer and at 
laast one intermediate layer disposed between the core and cover layer, wherein the intermediate layer is fbnmed from 
a blend comprising an ethylene methacryllc or acrylic add copolymer, and wherein such golf balls provide a soft feel 
similar to a conventional wound ball, while also providing the distance, durability, spin rates and relative ease of 
manufacturing of a conventional two piece baD. 

The present invention is further directed to a multilayer golf ball which comprises a core, at least one cover layer and at 
(east one intermediate layer disposed between the core arvl cover layer wherein: the core Is formed from a bleru) 
comprising poiybutadlene and has a COR of about 0.795 to about 0.815 measured at 125 ft/sec and a compression of 
no greater than about 60; at least one cover layer has a Shore D hardness of about 60 to about 68; and at least one 
intemnediate layer is formed from a blend comprising an ethylene methacryllc or acrylic acid copolymer. 

Optionally, the Intermediate layer blend further comprises at least one additional thennoplastic material and/or has a f 
specific gravity grsater than 1.2. 

The present invention is still further directed to a multilayer golf ball comprising:. a core fonned from a Uend comprising 
poiybutadlene and calcium carbonate, wherein ttte core has a COR of atxMJt 0.804 to about 0.806 and a compression of 
about 55; a cover layer formed ftovn a blend of two or mors Ionomer resins, wherein said cover layer has a 
Shore D hardness of about 66 to about 66; and an intermediate layer disposed between the cover and the core, 
wherein the Intermediate layer has a specific gravity of about 1.25 and is formed from a blend comprising about 5 to 
about 30 wt.% an ethylene methaaylic/acryric acid copolymer, about 20 to about 40 wL% ZhO: and up to ahoui 60 
wL% polyetherester block copolymer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following temis that are used in this application are defined in terms of the enumerated ASTM tests: 
Specific gravity ASTM O - 2971 

Flexural (Flex) Modulus ASTM D - 7902 1 Tests were carried out In lab conditions where temperature was controlled to 
20-230C. Humidity was not controlled. 

2 Tests were carried out using a 0.5 in/mtn cross-head speed and a 2 Inch span length in the Ihree point bending mode. 
Test samples were annealed at 230C and 50% Relative 
Humidity for 40 hours. 

Shore D Hardness ASTM D - 2240 
Shore C Hardness ASTM D - 2240 

As used herein, the tenns "points' or "compression points" refer to the compression scale or the compression scale 
based on the ATTI Engineering Compression Tester. This scale, vtmich Is well known to those working m this field, is 
used in determining the relative compression of a core or ball. Some artisans use the Relhle compression scale instead 
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of the standard compression scale. Based on disclosure in 

U.S. Patent No. 5.368.3C4. column 20, lines 55-53 H appeals that Relhle compression values can be converted to 
conn^ression values through the use of the following equation: 
compression value = 160 - Reihie compression value. 

As used herein, "COR" refers to Coefficient of 

Restitution, which is obtained by dividing a ball's rebound velocity by its initial (i.e. incoming) velocity. This test is 
performed by firing the samples out of an air cannon at a vertical steel plate over a range of test velocities (from 75 to 
150 ftysec.). A golf ball having a high COR dissipates asmaller fracfion of its total energy when colliding with the plate 
and rebounding therefrom than does a ban with a lower COR. Unless othenmse noted, the COR values reported herein 
are the values detemolned at an Incoming velocity of 125 ft/sec. 

As used herein, the temi "copolymer* refers to a polymer which is fomied from two or more monomers. 

As used herein, the temi "pph* In connection with a batch formulation refers parts by weight or the constituent per 
hundred parts of the base composition (e.g. elastomer). 

The present invention is directed to an improved multilayer golf ball which comprises a core, a cover, and a t least one 
intermediate layer disposed^ between the core "and the cover, wherein such golf ball provides a softer feel similar to a 
conventional wound ball, while also providing the distance, durability and spin rates of a conventional two-ptece ball. As 
discussed In detail bebw, the improved multi layer golf ball of the present Invention Is provided by forming a ball having 
various structural components (e.g. cover, core, Intermediate layer) each having desired properties and which may be 
formed from a variety of materials. 

The Core 

Many conventional two-piece "distance" golf balls are fomned with cores having a high compression (e.g.. greater than 
about 90) in order to achieve the desired high finished bait COR and initial velocity necessary to obtain long overall 
distance for the ball. Balls having such high oompresslon cores typically have a hard feel when struck with a golf club. 

However, the golf balls of the present invention are formed with a core having a low compression, but still exhibit a 
finished ball COR and Initial velocity approaching that of conventional two-piece distance balls. Preferably, the cores 
employed in the golf balls of the present Invention have a compression of less than about 60. more preferafaly about 45 
to about 60 and most preferably about 50 to 55. 

Likewise, it is pretended that fho finished bails made with such cores have a COR. measured at an Abound speed of 
125 ft.ysec.. of about 0.795 to about 0.815, more preferably about 0.797 to about 0.812 and most preferably about 
O.BOO to about 0.810. ' 

Additionally, it is preferred the core has a Shore 

C hardness of about 65 to about 80, more preferebly about 68 to about 75 and most preferably about 72 to about 75. 

The cores employed In the golf balls of the present invention preferably have a diameter of about 1 .25 inches to about 
1.51 inches, more preferably about 1.30 inches to about 1.48 inches and most preferably about 1.39 inches The overall 
diameter of the core and the intermediate layer Is about 84 percent to about 97 percent of the overall diameter of the 
finished i>aH. 

A representative base composition for foming the cores employed in the present invention comprises polybutadiene 
and. rn parts by weight based on 100 parts polybutadiene, 20-50 parts of a metaJ salt diacrylate. dlmethacrylatB or 
monomethaciTtete preferably 2lnc diaciylatd. The polybutadiene preferably has a cIs 1 .4 content of above about 90% 
and more preferably above about 96%. Commercial sources of polybutadiene Include Shell 1220 manufactured bv 
Shell Chemical. Neoas BR40 manufactured by ' 
Enichem Elastomers, and Ubepol BR150 manufactured by Ube 

Industries, Ltd. If desired, the polybutadiene can also be mixed vnth other elastomers known In the art such as natural 
rubber, styrene butadiene, and/or Isoprene in order to further modify the properties of the core. When a mixture of 
etestomers is used, the amounts of other constituents in the core composition are usually based on 100 parts bv weloht 
of the total elastomer mixture. « vroiai 

Metal salt dIacryJales. dimothacrylates. and monomethacrylates suitable for use In the cores employed in this invention 
Include those wherein the metal is magnesium, cateium. zinc, aluminum, sodium, lithium or nickeL 21nc dlacryfate Is 
prefemed. because it provides golf balls wrfth a high initial vekx:ily in the USGA test The zinc diaciylate can be of 
vanous grades of purijr. For the purposes of this invenHon. the lower the quantity of zinc stearate present in the zinc 
diacrylate the higher the zinc diacrylate purity. Zinc diacrylate containing less than about 10% zinc stearate Is 
preferable. More preferable is zinc diacrylate containing about 4-8t zinc stearate. ' 

Suitable, commercially avaHable zinc diacryfates include those from RocWand React-Rite and Sartomer. The preferred 
concentrations of zinc diacrylate that can be used are 20-50 pph based upon 100 pph of polybutadiene or alternately 
polybutadiene with a mixture of other elastomers that equal 100 pph. aiwmaiciy. 

Free radical fnltlaflors are used to promote cross-linking of the metal salt diacrylate. dimethacrylate or 
monomelhacrylate and the polybutadiene. Suitable free radical Initiators for use In the invention include but are not 
limited to peroxide compounds, such as dicumyl peroxide, 1,1-di<t-bulylperoxy) 3,3.5-trlmethyl cyclohexane a-a bis (t- 
butylperrocy) diisopropyl benzene. 2,5-dlmethyl-2,5 dl (t-bulylpertixy) hexane. or dl-t-butyl peroxide, and mbctures 
thereof. Other useful initiators would be readily apparent to one of ordinary skill in the art without any need for 
expenmentation. The inltiator{s) at 100% activity are preferably added In an amount ranging between about 0 05 and 
2.5 pph based upon 100 parts of butadiene, or butadiene mixed with one or more other elastomers. More preferably 
the amount of initiator added ranges between about 0.15 and 2 pph and most preferably between about 0 25 and 15 
pph. 

Typteal prior art golf ball cores incorporate 5 to SO pph of zinc oxide In a zinc diacrylate-peraxkie cure system that cross 
-links polybutadiene during the core molding process. However, In the present invention It ts prefeired thai the zinc 
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oxide (ZnO) in the core composfUon Is eliminated In favor of calcium oxide (CaO). Cores produced from an admixture 
containing CaO have bean found to B%\Mi desirable performance properties. In particular, when ZnO Is replaced with 
CaO, it has been observed that ttie Initial velocity and COR of the core Is maintained, but the compression of the core Is 
reduced by at least about 4 compression points on the standard compression scale, and may be reduced as much as 6 
points. Additionally, the combination of the use of calcium oxide and a higher percentage o( zinc diacrylate can be used 
to maintain the same compression as with the zinc oxide. tMJt the Inttla! velodty and COR Is significantly increased. 
Thus, by using calcium oxida, either the core compression can be towered and the initial velocity and COR maintained 
or the amount of zinc diacfylate can be increased so that the core compression Is the same and the InHlal velocity and 
COR Is increased. .... 

Typically the calcium oxide added to the coraforming composition empbyed !n the present invention Is tn the range of 
about 0.1 to 15. preferably 1 to 10. most preferably 1.25 to 5, parts calcium oxIda per hundred parts (pph) of 

polybutadlene. 

The core compositions employed In the present invention may also include fiDers, added to the elastomeric composition 
to adjust the density and/or spedfic gravity of the core. As used herein, the temi "fillers' includes any compound or 
composition that can be used to vary the density and other properties of Ihe subject golf ball core. Fillers useful in the 
golf ball core according to .the, present invention indude..fotexampte..zlncj3xldjeL(la.aaamogatjStigniftf:aDtly.le&s.than 
that which would be necessary without the addition of the calcium oxide), barium sulfate, and regrind (which is recycled 
core molding matrix ground to 30 mesh particle size). The amount and type of filler utilized Is governed by the amount 
and weight of other ingredients in the composition, since a maximum golf ball weight of 1.620 ounces (45.92 gm) has 
been established by the tJSGA. 

Appropriate fillers generally used range In specific gravity from about 2.0 to 5.6. In the preferred golf ball, the amount of 
filler in the core is lower than that of a typical golf ball such that the specific gravity of the core is decreased. 

The preferred range of specific gravities of the cores employed in the present invention is from about 1.0 to about 1.2, 
more preferably in the range of about 1.1 to about 1.18, depending upon the size of the core, cover, intermediate layer 
and finished ball, as well as the specific gravity of the cover and lnternf)ediate layer. 

Other ingredients such as accelerators, ejg. letre methylthiuram, processing aids, processing ofls, ptasticizere, dyes 
and pigments, antioxidants, as well as other additives well luwwn to the skilled artisan may also be used In the present 
invention in amounts sufficient to achieve the purpose for which they are typfcaUy used. 

The Intermediate Layer 

The intermediate layer of the golf balls of the present invention is formed from a blend which comprises an ethylene 
methacrytic/acryiic acid copolymer. Below Is a nonlimlting example of the chemical structure for suitable ethylene 
methacryllc/acrylic acid copolymere: 
EMI12.1 

wherein x = 50 to 99%: 
y = 1 to 50%; 
z = 0to49%; 

Rl = H or CH3; R2 = CH3 or Isobomyl; and 
n = 0to 12. 

Specific acid-containing ethylene copolymers include ethylene/acrylic acid; ethylene/methacfylic acid; ethylene/acrylic 
add/n> or isobutyt acrylate; ethylene/methacrylic ackJ/n- or iso-butyl acrylata; ethylene/acrylic add/methyl acrytate; 
ethytene/methacryOc acidVmethyl acrytate: ethylene/acrylic acid/tso-bomyl acrylate or methacrylate ar>d 
ethylene/methacrylic acid/lsobomyt acrylate or methaciylate. Suitable ethylene methacrylK/acrylic add copolymere are 
sold oommerclally by 

DuPont under the tradename NUCREL. with NUCRELe 960. NUCRELe 
f^9-1. and 010 being prefenned. 

In a prefered embodiment of the present invention, the intermediate layer is formed from a blend which comprises an 
ethylene methacrytic/acrylic acid copolymer and a second component which comprises a themnoplastk: material. 
Suitable thermoplastic materials for use in the intermedlata blend include, but are not limited to, poiyesterester block 
copolymers, potyetherester block copolymers, polyetheremJde tilock copolymers, lonomer resins, dynamically 
vulcanized themnoplastic elastomers, styrene-butadlene elastomere with functksnal groups such as maleic anhydride or 
sulfonic acid attached, thermoplastic polyurethanes, thermoplastic polyesters, polymere formed using a metallocene 
catalyst ("metallocene polymers") and/or blends thereof. 

Suitable thermoplastic polyetherestsrs include materials which are oommercfally available from DuPont under the 
tradename Hytrels and Include Hytrele 3076. Hytrele 

G3548W and Hytrels 64078W. Suitable themioplastlc polyetheremldes are oommerdally available fi^om Etf-Atochem 
under the tradename Pebaxt and Include Pebaxe 2533. Pebaxe 1205 and Pebaxs 4033. Suitable thermoplastic 
lonomer resins include any number of oleflnic based tonomers such as SURLYNe (DuPont) and lOTEKs (Exxon). 
Suitable dynamically vulcanized thermoplastic elastomere include Santoprenes, Sarlinks, N^rame, Dytrons and 
Vistaflexe. Santoprenes is the trademark for a dynamically vulcanized PP/EPDM. Santoprenes 203-40 fs an example of 
a preferred Santoprenes and Is commercially available from Advanced Elastomer Systems, Examples of suitable 
functionalized styrene-butadlene elastomere. i.e., styrene-butadiene elastomers with functional groups such as maleic 
anhydride or sulfonic acid, include Kraton FG-I901x and FG-1921x. which are available from the Shell Corporation. 

Examples of suitable thermoplastic polyurethanes Include Estates 56133. Estates S8134 and Estates 58144. which are 

commercially available from the B.F. (Goodrich Company. 

Suitable metallocene polymers. i.e.. polymere formed with a metallocene catalyst include those commercially available 
from Sentinel Products of Hlyannis, Massachusetts. Suitable thermoplastic polyestere Irtclude polybutylene 
terephthaiale. 

Preferably, tlie second component of fhe Intennedlate layer blend comprises polyettierester block copolymer, with 
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Hytrets 3078 being a particularly preferred polyetherester block copolymer. 

Many prior art intermedlata layers generally have a specific gravity of about 1 or less. Hovraver. In a preterred 
embodimenl. Ihe Intermediate layer employed in the golf balls of the present invention has a spedflc gravity greater 
than 1.2. preferably about 1.21 to about 1.30. more preferably about 1.23 to about 1.29 and most preferably about 1.27. 

The desired spedflc gravity of the Intermediate layer may be obtained by adding a filler such as barium sulfate, zinc 
oxide, titanium dioxide and combinallons thereof to the intermediate layer blend. Zinc oxide is the preferred Tiller. 

The intermediate layers of the present Invention are fonned from an intermediate layer blend comprising up to 100 
percent by weight of an ethylene methacryfic/acrylic acid copolymer. In a preferred embodiment of the present 
Invention, the intermediate layer is formed from a biend of about 1 lo about 99 percent by weight ethylene 
methacryHc/acrync acid copolymer, at)out 0 to about 75 percent by weight of the second thermoplastic component (as 
desolbe above) and about 0 to about 50 percent by weight zinc oxide. In one embodiment of the present Invention, the 
intermediate layer is formed from a blend of about 10 to 50 percent by weight ethylene methacrytic/acrylic acid 
copolymer, 25 to 75 percent by weight of a seoond thermoplastic component and about 5 to about 40 percent by weight 
zinc oxide. In a most preferred embodiment of the present Invention, the intermediate layer is fomied from a blend of 

about 15 to about 25 percent bv wei ght eth ylene piethacrvlic/acn^Iic acid copo ^me r. about 50 to about 60 pereeru by 

weight of a second thennoplastic component and atx)ut 20 to about 30 percent by weight zinc oxide, in another 
embodiment of the invention^ the second thermoplastic component is present in the intermediate layer blend in an 
amount of leas than 50 percent by weight, and preferably 30 to 45 percent by weight 

A spedfic example of a nrwst preferred intermediate tilend composition comprises about 20 percent by weight Nucrel 
960, about 57 percent by svelght Hytrel 3078 and about 23 percent by weight zinc oxide. 

The Intermediate layer blend preferably has a flexural modulus of less than about 10,000 psi, more preferably about 
5.000 to about 6,000 psi and most preferably alxiut 7,500 psi. Likewise, the intermediate layers employed in Ihe golf 
bans of the present invention preferably have a 

Shore D hardness of about 35 to 50, ntore preferably about 37 to about 45 and most preferably about 40. 

Preferably, the intermediate layer and core construcfion employed in the present invention have a compression of less 
than about 65. more preferably about 50 to about 65 and most preferably about 50 to 55. 

The intermediate layers employed in the goif balls of (he present invention preferably have a thickness from about 
0.020 inches to about 6.125 nnches. more preferably about 0.035 inches to about 0.085 Inches and most preferably 
about 0.06 inches The outer diameter of the Intermediate layer fs preferably about 1.510 inches. 

The Cover Layer 

The cover layer of the present Invention comprises al least one layer of a thermoplastk; or thermosetting material. Any 
number of a wide variety of cover materials may be used In the present invention such as tonomer resins, 
polyurethanes, balata and blends thereof, with k)nomer resins being preferred. 

lonomers, such as acid-containing ethylene copolymer ionomers, include E/X/Y copolymers where E is ethylene, X is a 
softening comonomer the most preferred. Specific add-containing ethylene copolymers include ethylene/ac/ylk: add. 
elhylene/methacrylic add, elhylene/acrylfe actd/n-butyt acrytate. ethylene/methacrylic acid/n-butyl acrytate. 
elhylene/methacrylic acid/lso-butyl acrytate, ethylene/acryllc acidflso-bulyl acrylate. ethytene/melhacrylic acid/n-butyt 
methacrylate, ethylene/acrylic acid/methyl methacrylate. ethytene/acrylic add/methyt acrylate, ethytene/melhacrylic 
ackJ/methyt acrylate, ethylene/methacrylic acid/methyl methacryfate. and ethylene/acrylic acld/n4)utyl methacrylate. 
Preferred acidcontatning ethylene copolymers include ethylene/methacrylic ackJ, ethylene/acrylic add. 
ethylene/htethacrylte add/hbutyl acrylate, ^hytene/acrylk: add/h-butyl acrylate. ethylene/methacrylic add/methyl 
acrylate and ethylene/acryDc addAnethyl acrylate copolymers. The most preferred actd-contalning ethylene copolymers 
are ethylene/melhacrylk: acid, ethylene/acrylk: add. ethytene/(meth)acrylfc addAvbutyl acrylate, ethylene/(meth]acryllc 
acid/ethyl ecrylate. and ethylene/(meth)acrylk: acid/rriethyl aoylate copolymers. 

The manner in which these ionomers are made is well known In the art as described In e.g. U.S. Patent No. 

3^62,272. As mentioned above, ionomer resins are cormr^ercially available from DuPont Co. under the tradename 
SURLYNe and Exxon under the b^dename lOTEKe. 

As is well known in the art, ionomer resins may be blended In order to obtain a cover having desired characteristks. For 
this reason. It Is preferable that the covers of the golf balls of the present invention be fonned from a blend of two or 
more ionomer resins. A particularly prefenred cover material for use in the present inventton is fonned fmm a blend of 
about 50 percent by weight SURLYNe 7940, about 47 percent by weight SURLYNe 8940 and about 3 percent by 
weight SURLYIMs 8660. 

The cover layers employed in the present invention preferably have a Shore D hardness of al)0Ut 60 to about 72. more 
preferably about 65 to about 70 and most preferably about 68 to about 70. 

The multi-layer golf ball of the invention can have an overall diameter of any size. Although the United Slates 

Golf Association (USGA) specifications limit the minimum size of a competitian golf ball to 1.680 inches In diameter or 

more, there is no specificaUon as lo die maximum diameter. 

Moreover, golf balls of any size can be used for recmatlonal play. The preferred diameter of the present golf balls Is 
from about 1.660 inches to about 1.600 inches. The more preferred diameter is from about 1.680 Cnches to about 1.760 
inches. The most preferred diameter Is about 1 .680 Inches to about 1 .740 inches. 

The golf balls of the present inventkm have an overall maximum compressksn of about 85. preferably about 75 to about 
85. more preferably about 60 to about 85 and most preferably about 82. 

The golf balls of the present Invention can be made by any conventkmal processes employed in the golf ball art. 
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For example, the solid cores can be either lnjectk>n or compression molded. The mantle layer is subsequently Injection 
or compression molded at>out the core. It »s Important that the mantle materldl be able to sustain the temperatures 
applied during Che appilcaUon of (tie cover layer. The cover (ayer or layers are then Injection or compression molded or 
cast about the mantle layer. 

EXAMPLES 
Example 1 

Table 1 below provides.batch compositions for Intermediate layer blends for fdrmUig the novel multl. layer golf balls of 
the present inventTcn. However, it is to be understood that the examples are only for Ulustrative purposes and in no 
manner is the present Invention limited to the specific disclosures therein. 

In particular, batch numbers 2-4 provide intenYiediate layer blends comprising NUCRELs 960. Hytrele 3078 and zinc 
oxide used to form the Intermediate layens of the golf balls of the present Invention. Batch numtier 1 pnTvides a control 
intermediate layer blend. 



Table i 

Intermediate Layer Batch Fonpulatlons 
EMn8.1 



Batch &num; % Nucrel 960 % Hytrel 3078 % ZnO Flex. Spec. 
Mod. Giav. 



1 




60% 


20% 


4210 


pel 


1^7 


2 


10 


75% 


15% 


5S60 


psi 


1.21 


3 


ZO 


70% 


10% 


7710 


psi 


1.17 


4 


30 


65% 


5% 


7250 


pS) 





Example 2 

Multilayer golf balls were made having Intermediate layers formed from the batch compositions set forth In Table 
I. Several dozen golf balls were fonned using each batch composition and subsequently tested for compression, spin 
rate and Initial velocity. 

The cores of all of the mulli layer balls were formed by compression molding a blend of the batch formulation set forth In 
Table II below. Ail of the cores had a diameter of 1.39 inches and were measured to have compressions ranging from 
about 45 to about 55 and specific gravities of from about 1.134 to about 1.146. 

Table II 

Core Batch Formulation 
EMI18.2 



Material Paits 

Per Hundred 
Polybutadiene (Shell 1220) 76.00 
Rubber (Enichem) 24.00 
Pigment 0.10 

EMI19.1 

Material Parts 

Per IHundred 
Zinc Diacrylate 24.79 
Calcium Oxide 2.16 
Regrind 6.47 
Peroxide (Varox) 0.43 
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Peroxide (EF-60) (DBDB) 0.16 

Filler 22.64 

Process Oil X 1.50 



The inteimediate tayer.blends of Table 1 were subsequently Injection molded about the cores to form the intermediate 
layers of the balls having an outer diameter of about 1 .51 Inches. 

All of the muia layer balls had a cover compositiDn fomied by injection molding a blend comprising 50% SURLYNs 7940 
and 50% SURLYNs 8140 about the intermediate layers and were subsequently finished using conventional clear 
coating and buffing technkiues. The finished golf bans had an outer diameter of about 1 .68 inches. These balls were 
tested for initjal velocity, compression, cover hardness and COR, the results of such tests are set forth In Table ill 
below. 



Ttie balls werfi.alSQJteffitfilLtQr^pinMQ_USlng_a 

True Temper Test Machine configured to strike the balls with a Driver and an Eight lrc»i. Also tested for comparison 
purposes were conventional two piece 'distance' balls (Titleist HP2 Distance and Pinnacle gold). The test data for all of 
these balls is set forth In Tables lll-V below. 

Table III 
EMI20.1 



Ball Velocity* Compressionl Weighr CoveS C0R3 
(ft./sec.) (Ball) (ounces) Hardness (ftcommat; 125 
(Shore D) ft/sec.) 
Pinnacle4 252.5 95 1.605 68 0.809 
Gold 

HP24 253 99 1.60 71 0.810 
Distance 

Ball 1 251.9 81 1.61 71 0.814 
Ball 2 252.3 84 1.584 72 0814 
Ball 3 262.2 84 1588 71 0.813 
Ball 4 251.9 84 1.59 69 0.810 

Average based on results for 12 balls 2 Average based on results for 3 balls Average based on results for 6 balls 4 
Historical data for commerdal balls 
Table IV 

Spin Rates For Driver (Average of 6.balls) 
EMI2a2 



Club: Driver 

Ban Type Launch std Spin std Club std 
Angle (RPM) Speed 
0 tft/sec) 

Pinnacle Gold 9.1 0.3 3032 135 158.6 0.6 

HP2 Distance 9.0 0.3 2977 60 1S8.6 1.0 

Ball 1 9.1 0.5 2973 195 158.4 0.6 

Ball 2 9.1 0.5 3001 66 158.9 0.7 

Ball 3 9.1 0.4 3006 121 158.9 0.8 

Ball 4 9.0 0.3 3007 140 159.0 0.6 

Table V 
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Spin Rate For Driver (Average of 6 balls) 
EMI21.1 

Club: BIron 

Bdit Type Launch std Spin std Club Btd 
Angle (RPM) Speed 
() (ft/sec) 

Pinnacle Gold 19.2 0.4 8160 216 116,4 0.1 
HP2 Distance 19.4 0.5 8375 171 116.3 1.3 

Ball 1 19.2 0.5 7970 246 116.2 0.7 . _ 

Bail3 19.3 0.2 7972 163 116.5 0.9 
Ball 4 19.4 0.3 7940 171 117.0 t.3 

As Shown by results reported In Tables lil-V. goJf balls having an Intermediate layer comprising Nucrei 960, 
Hytrel 3078 and ZnO have a high Initial velocity and low spin rate. Moreover, the balls of the present invention have 
initial velocities approaching those of conventional twopiece "distance" balls, but have a considerably kMver 
compression, which provides a much softer feel, more dke a wound ball. Still hirther. these balls are easy to 
manufacture compared to the conventional wound ball. Thus* these bans provide the advantages of two piece 
"distance" balls with low spin rates and high velocity, but also provide a softer feel than such balls. 

Example 3 . 

Multilayer golf balls were made having Intermediate layers formed from a blend comprising 20% Nucrei 960, 57% 
Hytrel 3078 and 23% Zinc Oxide. This intermediate layer blend was injection molded about cores formed from the batch 
formulation set ionh in Table II. A cover was formed t^ injection molding a Uend of 50% SURLYIMs 7940, 47% 
SURLYNe 8940 and 3% SURLYNe 8660 around the intermediate layer and subsequently finishing the balls using 
conventional dear coating and bufPng techniques. 

The balls were tested for initial velocity, compression, cover hanJness and COR. as well as for spin rate when sUvck by 
a Driver and Eight Iron using a True Temper - 

Test Machine. The results of such tests are set forth below in Tables VI and VII below. 

Table VI 
EMI22.1 



Velocity Compressiom Weight cover COR3 Specific 
(ft/^sc) (Ball) (Ounces) Hardness ( 125 Gravity 

(Shore D) ft/sec) 

251.5 82 1.607 69 0.801 1.27 

Average based on results for 12 baUa 2 Average tiased on results for 3 bails 3 Average based on results for 6 balls 

Table VI i 

EMI22.2 

ChJb L^unchs Std. spin stud. Club Std. 

Angle (RPM) Speed 
(fl/sec) 

Driver 9.20 0.5 3015 221 160.3 0.7 
8 Iron 19.30 0.6 7807 252 115.6 0.8 
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MULTILAYER GOLF BALL AND COMPOSITION 

. ,««»nsibiay for the accuracy of daia an'^^^tSX crfil for specific purposes. 
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THE CLAIMS 



catalyst and blends thereof. «u«,»,«r«fiter blocK copolymer, 

. . ^™nihB second component oornprfees a polyetherestefDioc.^^ 

5. The golf ball of claim 4. vyrheretn the secono coniv 

EMI24.1 

(i) about 20 wt.% copolymer of ethylene and 
.ytAthorrviic acid; 



methacrylicacid. 
rtl) about 25 wt.% ZnO; 
(iff) about 55 wt.% polyemerester block 



^lli^ aww«** ' 

copolymer. K««4nf.«iQ of about 40 and a flexural modulus 

o,about7500p5i,thecofehasaShoreCha.dneS8 ^ „h„,rt 60 to about 68. and an intermediate 
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